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Environment refers to the
customer indoor air
environment requirement.

Three Key Elements of a MVAC System
Environment

A

Mechanical ypes=w
Systems Controls

Mechanical Systems refers
to a set of mechanical
equipment, which serve as
source, distribution and
terminal function.

Controls refers to control
components that monitor and
regulate the performance of
mechanical system.




Customer Indoor Environment Requirement

For occupants comfort:

Cust Cold-Cool- ~ No draft _
ustomer Normal- Warm-  No stuffy air  fegjing Quiet

requirement: Hot

In HVAC, Thermal comfort IAQ Indoor air.
we call: distribution

Air Temperature  Freshness Air flow pattern
properties . _
related: Humidity Odor Velocity Velocity

Velocity

Customer Indoor Environment Requirement

For industrial process- clean rooms for chips:

Customer Constant Particle No polluted air
requirement: environment free air infiltrate into room

In HVAC, Precise Air cleaning Room pressure
we call: Control control

Air Temperature Pollutant- Pressure

roperties '
felart)ed: Humidity particle

Velocity
Velocity




Customer Indoor Environment Requirement

For industrial process- hospital operating rooms:

Customer Comfort Bacteria N_° _po_lluted N_° p_olluted
air infiltrate air circled

i i ir . :
requiremerdnvironment free a T in the room

Indoor
In HVAC, Thermal comfortBio-cleaning ?::tr:lo:)ressure Pollutant

we call: Control

Air Temperature Pollutant- Pressure  Air flow pattern

properties bacterial, virus

i Veloci
related: Velocity elocity

Humidity
Velocity

P-H Diagram
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Psychometrics — Climate

. Enthalpry (kikg) )
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Psychrometric Chart
Location: [Molame], [Movwhere]
Freguency: 1st Janwary to 31st December
Weekday Times: 00:00-24:00 Hrs
Weekend Times: 00.00-24:00 Hrs
Barometric Pressure: 101.36 kPa

@ A Marsh 00

HILITE: Climate Classification

Comfort

In any subjective assessment of the comfort of
the whole environment, thermal, acousticand
visual factors all play a part.

All 3 aspects need to be considered together
since the means of providing one component
may influence the design of another.

It is not possible to formulate a single index
which quantities the personal response to the
whole environment.




Thermal Comfort

In a first-class AC system one is not really conscious
of the temperature or humidity because he is
comfortable.

Comfort zone varies with activities and with season

Different individuals require different comfort zone
(due to age, sex, race and degree of acclimatization)

Man as source of heat:
- seated at rest 115W

- Light work 140W
- Walking slowly  160W
- Dancing 265W

DN N N

Thermal Comfort

Dry bulb temperature —air temperature
Wet bulb temperature

Relative humidity

Air velocity

Mean Radiant temperature

Resultant temperature

inside a 100mm dia. black globe

devised by A. Missenard in 1935

= 0.6t, + 0.4t, where air velocity is 0.35 m/s

Obsolete comfort measurements include: Globe
temperature (150mm dia.), Equivalent temperature &
effective temperature
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Thermal Comfort

Conditions leading to thermal comfort:

RH:
- lies within 30 to 70%
Velocity

- Upper limits: 0.15 m/s at 20°C and 0.45 m/s
at 25°C

- Lower limits: 0.1 m/s at 20°C and 0.2 m/s at
250C
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Thermal Comfort

Mean radiant temperature:

- comfort cannot be achieved if the m.r.t. is
>80C above or <5°C below air temperature

Resultant temperature:
- between 19°C and 23°C
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Thermal Comfort

Predicted Mean Vote

o vk wnN e

Developed by Professor P. O. Fanger in 1970

PMV can be calculated using 6 parameters:

Metabolic rate

Clothing

Dry bulb temperature

Humidity

Radiant temperature

. Air speed

Comfortable if PMV is O

Warm or hot if PMV is positive (1, 2, 3)

Cool or cold if PMV is negative (-1, -2, -3)
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Measuring Human Thermal Comfort Level
f( M ’[CZ’V)tr)tdb)Ps ) — 0

PMV =[0.303exp(—0.036M ) +0.028]

(M -W)-3.05-107-[5.733-6.99(M -W) - p_|-0.42[(M —W)-58.15]
—1.7-10°M (5.867— p,)— 0.0014M (34—1,)

~3.96-10" fd[(zd +273) — (1 + 273)4} — fh(t,—1)
1, =35.7-0.028M —W)— 1(,{3.96 107 ﬁ,,[(td +273) —(t,+ 273)4} + £ (t, —za)}

. 2.38:r, —1,|" for 2.38:|r, —1|"" >12.1,fv,,
L 12.1v, for 238, —1,|"" <1214y,

1.00+1.2901, for I,<0.078m’K /W
fa=

1.05+0.6451, for 1, >0.078m*K /W
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s

A Cmfort Sensor from Yafné:[ke
Part of PMV - Predicted Mean Vote
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Thermal Comfort

BS EN ISO 7730 (2005)
e Make reference to PMV
e Predicted percentage dissatisfied (PPD)
» 75% dissatisfied for PMV = 2 or -2
» 25% dissatisfied for PMV =1 or -1
» 5% dissatisfied for PMV =0
e Offices will be comfortable if operative temperature
is 24.59C +/- 1°C
e Operative temp = At, + (1-A)t,

Velocity <02m/s |0.2t00.6 [0.6to1

A 0.5 0.6 0.7
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Psychometrics — Comfort Zone

@@/’/ : *M“ ] =5
\\'@ /{ l A __________ §
P i " ~ [ |
dry-bulb temperature
Trane (2000), Cooling and Heating Load Estimation, A Trane Air Condli:?;jiisgﬂ‘])iz
Acoustic Issues
e The ear responds to frequencies in the range
of 15 to 20 000 Hz
([ J

The response of the ear is non-linear. At low
frequencies it is less sensitive

Sound unwanted by the recipient is termed
noise

It is intermittent character of the noise not
merely the noise level which causes
annoyance and distraction
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Acoustic Issues

Recommended noise ratings:

Concert hall, studio - NR
20

Bedroom, large lecture
room - NR 25

Library, small lecture
room - NR 30

Office, classroom - NR 35

Open office, department
store - NR 40

Kitchen, canteen, pool -
NR 45

Sound pressure level (dB)
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Frequency (Hz)
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Acoustic Issues

NR 50 will generally be regarded as very noisy
by sedentary workers.

Higher noise levels than NR 50 will be justified
in certain manufacturing area

Exposure to noise levels >NR 85 can cause

hearing damage

dBA=NR+6 (+2)
Acoustic treatment for chillers, pumps, fans,

compressors and air handling units (AHU)
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Health Issues

e Legionnaires Disease

- disease transmitted by water droplets
inhaled by occupants

- cooling tower cleaning

- water treatment by regular chemical

- proper positioning of air intake louvers

- avoid dead leg of water pipes

- hot water temperature to be above 60°C
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Health Issues

Adequate fresh air — e.g. for office: 8 I/s per
person (Min. 5 |/s per person or 1.3 |/s per m?
Good air filter and filter frame (details later)
Volatile organic compound (VOC)

Bacteria in the air (details later)

Bathroom ventilation — SARS consideration

Exhaust consideration
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Indoor Air Quality

Voluntary IAQ programme by Environment
Protection Department

12 parameters to be controlled
More than 100 buildings registered by EPD

Difficult to comply with and expensive to
sustain.

Most designers target on 4 to 5 parameters,
e.g. T, RH, filter efficiency (by particle
count), CO?, bacteria count
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Environmental Issues

Control of ozone depletion substances (Montreal
Protocol): CFC, HCFC, HFC

Green house gases issues (global warming)

- Rio Earth Summit 1992 under UN Framework
Convention on Climate Change (UNFCCC)

- Kyoto Protocol in 1997 (COP-3 Conference of Parties-3):
Richest countries committed to 5.2% reduction of GHG
emissions below 1990 level by year 2008-2012, expiry by
end of 2012

- Climate Talks at Doha on 8 Dec, 2012 yielded
commitment to ambitious, but unclear, actions, Kyoto
Protocol weakly extended to 2020

- Obama pledged to reduce American emissions 17%
below 2005 levels by 2020, but blocked at Senate
24




History of HVAC in HK

Early 60’s — Only prestigious offices have AC;
natural ventilation and fans are the norm for
most offices

Mid 60”s — AC by room coolers (Weatherite)

70’s — Chiller, AHU, refrigerant pipes, etc. are
designed as component parts and assembled
on site.

80’s — package units e.g. package chiller, AHU
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History of HVAC in HK

Mid 80’s — electronic control leading to CCMS
90’s— Intelligent buildings, VAV

215t Century — Energy efficiency, Sick building
syndrome, Remote control, VRV
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The Classification of HVAC Mechanical System

The most popular classification method used by ASHRAE
is according to the cooling/heating medium supplied
into room to condition the space.

All-Air HVAC System

All-Water HVAC System

Air + Water HVAC System

Refrigerant Direct Expansion HVAC System

27

The Classification of HVAC Mechanical System

All-Air HVAC System- Only treated air is supplied to the
room as cooling/heating medium to condition the space.

Y Conditioned air is
~¥ supplied into room.
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r
>
—
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The Classification of HVAC Mechanical System

All-Water HVAC System-— Only chilled/hot water is supplied
to the room as cooling/heating medium to condition the space.

Located in the d
conditioned space. 3

—

" Conditioned
Space

The Classification of HVAC Mechanical System

Air+Water HVAC System— Both water and air is supplied to
the room as cooling/heating medium to condition the space.

Conditioned Space «— -

i 9 | . | g \, Terminal Units with
N N ZONE 2 N /" Chilled Water
- s\ : \\ I y
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The Classification of HVAC Mechanical System

Refrigerant Direct Expansion HVAC System-—
The evaporator / condenser of a refrigeration system is
directly put into a room to condition the space.

Conditioned
s Space

‘\:/ j' RANT |

I 5
e c:__'c:: )

b 2

'

'
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HVAC Mechanical System Functions

All-Air HVAC System

32




HVAC Mechanical System Functions

All-Water HVAC System

Located in the
conditioned space.

TV b

Distribution ?

MOTOR HARGE

Source ,,’-
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HVAC Mechanical System Functions
Refrigerant Direct Expansion HVAC System

Conditioned S .
paostis Space ource?
Nt / . A
—_— - m——— . . . ?
S = A= T Distribution®
NDENS Terminal?
=
]’ 1) —_
Qut door Unit g Indoor Unit
=
° ~ W& room
"\d‘&. y ;ﬁ
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HVAC Mechanical Loops for All Air HVAC System

34 °C
25°C

25 deg C. 50%RH

e

o6 T 15

i loc Chilled water

;i=:1L loop )

Cooling water
loop

MoToR
N,

MSCHARGE

J 1
= W

AHU Chilled water Chiller Cooling water
system system
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Information Flow of a Control Loop

System Feedback

Controlled Device Assembly

4 B
Controller Actuator Manipulated HVAC Final

Device Process Condition

input output
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All- Air HVAC System - Typical Application

Typical Application- Single Duct,
Primary Air Return System

,

Exhaust
Air

Fresh Air

T

Return Air

Fresh Air
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All- Air HVAC System — Key Equipment AHU

Coils:

Indirect contact heat exchangers.

Heat transfer between air flowing
over the coil and water, refrigerant,
steam or brine insider the coil.

Fins: extended surfaces.

Water circuits- number of water
flow passages.
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All- Air HVAC System — Key Equipment AHU

S ING Re Ilr‘lgcr;ml

Alr

Two-
phase

:Supcrhculing Arca

Direct expansion (DX) coil

Refrigerant is fed (e.g. R-22 and R-
134a)

Air and refrigerant flow-usually
counterflow and cross flow

Typical evaporating temperature = 3-
10°C

Condensate drain pan (to collect
condensation)

Performance factors: Face velocity,
heat transfer coefficients, air-side
pressure drop, physical size
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All- Air HVAC System — Key Equipment AHU

Dry-wel

T. °F /-Imund:lr}
- — e Water cooling coils
lI':> r\l\‘\ ® Chilled water flowing at 4-10°C
Ret A ® Brine or glycol-water at 1-4 °C
h;nljm_' ¢ h.|llc.d ‘T\.'“r‘\ H H _
d water ® Temperature rise (typical) = 7-14
—plonla—wei— °C
I, °F -
-+—
Out \_‘“"*
= \\\ Water heating coils
e |
T."E
Steam - . .
1| B /"’ Steam heating coil
" O L] -.-( 'on‘d.t‘lltixul-:
Area
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All- Air HVAC System — Key Equipment AHU

Air filters
» Air cleaning and filtration

» Operating performance:

— Efficiency or effectiveness
of dust removal

— Dust holding capacity
— Initial & final pressure drop
— Service life

» Types: low, medium, and

high efficiency filters +
carbon activated filters

42




All- Air HVAC Svstem — Kev Eauipment AHU

Control
valve
Jacketed . 2
Dy lIH[]Tl"“‘Il‘” Steam Dry chamber
e anifold Silencing
Ail :-lL.!ID.\ T % .‘-lllr.\l:lll.'u‘
Steam humidifiers ©> [
. LY
Orifice M\ ( ;”“:-\.. Noinner Separating chamber
steam
discharge
lubes

Spraying

Ballles /_ nozsle Flimator
» /

Air washers &= 2 2 = |
;M-@"\\\_{'Ilclll.!llnp J
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All- Air HVAC System -

Constant Air Volume (CAV) System
ExhaustAir__Ié e ) ‘P {_\

26°C |
=—— Return Air 27°C
Fresh Air ¥ ' — -
32¢C H 3 ¥

ECWT 7°C | { LCWT 12°C

\ ISupply Air 130

How is indoor environment controlled?

» The supply air flow rate keeps the same

» Chilled water flow rate in AHU cooling coil is controlled by room
temperature
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All- Air HVAC System -
Variable Air Volume (VAV) System

Exhaust Air 1\ 0 Y
26°C ‘NS

Return Air 27°C
Fresh Air |* T A .
30°C || l oAlS U

7C 121 u

26°C

How is indoor environment controlled?

» Air is supplied with constant temperature.

> VAV box adjust supply air flow rate according to load need.

» Chilled water flow rate in AHU coil is controlled by supply air temperature.
» AHU fan speed is controlled to maintain proper pressure in ducts.

» Exhaust fan speed is controlled to maintain proper pressure in rooms.
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All- Air HVAC System —

Advantage and Disadvantage

Advantages:

® Treat air in centralized way- more energy efficient in air treating,
no condensed water in room, easier humidity control, simple
seasonal changeover.

® Equipment are located in unoccupied areas- easier for operating,
maintenance and noise control.

® Supply air into room- readily adaptable to ventilation, zones
pressure control, and heat recovery system.

® Supply air into room- good design flexibility for indoor air
distribution.

Disadvantages:
® Ductoccupied large space- reduce usable ceiling/floor space.
® For CAV system, individual control are not easy to achieve.
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All- Water HVAC System — Key equipment

Fan Coil- terminal unit of AWHS for heating, cooling, dehumidifying.
»Fan Coils consist of a fan, motor,

coil, cabinet and drain pan.

... / » Room temperature is controlled
b by adjusting cooling/heating water
N flow rate.

» As no fresh air is introduced into
room, air cleaning method to
improve |IAQ may be used.
* Filter- provides a physical
barrier to trap tiny elements such
as air particles and dust mites.
« Biological cleaning - TiO,
photo catalytic oxidation can be
used to decompose air pathogens
like bacteria, viruses, and volatile
organic compounds into CO, and
H,0.
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Air + Water HVAC System — Typical Application

Outdoor Air Unit +
Fan Coil

A /
Fan—coil

~Fan Coil Unit &= 1 |

]

» Space
recirculating
system

Conditioned ; | / |—‘
space
: L O

ph

I [

OQutdoor Air Unit 48




Regulations related to
MVAC in Hong Kong
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A Guide to

Application for Letter of Compliance
for Ventilating System

CHART 1.2

Tis

Applicant to submit
drawings to VD
through FEHD

Request Applicant to
submit drawings

Provisional Defect List
to Applicant on site

Formal Defect List
Issued to Applicant

Provisional Licence Application
Documents (including Form D)

received from FEHD

EE—— Lagere

FEHD
o

Workflow for Licensing Inspection of Ventilating Svatem

« Food and Ervvionmental Heghens Dest
« FEDntilaton Divassn

FarmDi- Ceficate of Comphancs D

[vertlaan Fegiremens |

Drawings submitted

Arrange inspection with
Applicant | Applicant’s
representative

T
Dacuments
vetted by VD =
Issue Letter of
Compliance
To process ™
of Chart 1.1.

A
(Subsequent workflow follows process ** as stated in Chart 1.1)

Provisional Defect List
to Applicant on site

v

Inform FEHD of major
defects found

l

Inform Applicant to
rectify defects within
12days
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CHART11 Wb

Licence Application
Documents Received
from LA

Preliminary Inspection

{Schtdn]ed an;e. &\onSdndultd an:esl

8234 fver. 11/

WK R
PREAFHRE
FREENER EW
RURERAMCRIE

TRAW O kel FP3¥

FIRE SERVICES DEPARTMENT

F v Senvee o
e tmg (#ece Fudang
i Flimg Sining Ron, s Chiamg, 1.7

By Registered Mail

OF COMPLIANCE

LETTER
FOR VENTILATING SYSTEM INSTALLED IN

by ROWD FEEE  Vour fad
EIAR e (852) 21382 2493
l A B TaNe (352287367
X oemi S
Issue Fire Safety
Requirements by Diar SirMadam,
ROND
Formal Defect List :
Ventilation
lssued by VDILAto ( Aopieant - wg’"“"s
Applicant Owner
T = l Premises
= 3 Passes Ventilation
Provisional Defect List Regortof it s Address
to Applicant on site e Drawings to VD

The wvendlaing syseem imstalled ar the above premises was
oo i hoﬁcmnﬁ&nbﬂa‘mmahmﬂmmu

inspected
was found in ¢

Defacts Identified
Legend VD .+ FEMentiation Division
RO FEDFie Protes:
LA By [incusing FERD,

LCSD, Pokce, WO, ED, etz )
LE  « LS of Complancs
= . Contirualion of workfow fom Chat 1.2

& with our fire safery s

“You are hereby remunded that under Section 6 of the Vensiltion of Schaduled
Premises Repulation, Cap. l‘Ci.ImerEnghm;ﬂ:aemcmobhgmmm

respect of the vennlang systems installed

in scheduled premuises, which require your

attention.  Relevant pamiculars and advice are given in the enclosed arachment

(

Yours faithfully.

)

for Director of Fire Services

LICENSING & CERTIFICATION COMMAND

51

3. Tvpes of Applications Requiring the Issue of Letter of Compliance

(Venrilating System)

!Llc]ens!n_g Legislations Tvpe of Licence
General Restaurant
Light Refreshment
R
Food Buniness Regulation, Cap. 132X Factory C
Food Factory
Lt ::rk:;: Establizhment
: e Establis
Karaoke Establishments Ordinance, Cap. 573 : t I s R
Places of Pubhe
Places of Public Entertainment Ordinance, Entertainment / Cinema /
Cap. 172 Theatre / Dancing
Establishment
HKPF Massage Establishments Ordimance, Cap. 266 Massage Establishment
Bilhard Estabhshment /
LCSD Places of Amusement Regulation, Cap. 132BA | Public Bowling Alley /
Public Skating Rink
SWD Chald Care Services Ordinance, Cap, 243 Child Care Centre
TELA Amusement Game Centres Ordinance, Cap. 435 | Ammsement Game Centres
Hotel and Guesthouse Accommodation
HAD Ordizance, Cap. 349 Hotel / Guesthouse / Club
Clubs (Safety of Premises) Ordinance, house
Cap. 376
Abbreviations :
FEHD -  Food and Environmental Hygiene Department
HEPF -  Hong Kong Police Force
LCSD -  Leisure and Cultural Services Department
SWD - Secial Welfare Department
TELA -  Television and Entertainment Licensing Authority
HAD - Home Affairs Department
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Ventilating system comprises of air blower and air duct to
maintain air movement in an indoor environment.

Filter and/or electrostatic precipitator installed in the system
will filter the air passing through them so as to improve the air
quality.

When an air duct passes through compartment walls/floors,
fire dampers shall be fitted in the duct to curb the spread of
fire and smoke.

The Building (Ventilating Systems) Regulations, Cap. 123J,
apply to every ventilating system that embodies the use of
ducting or trunking which passes through any wall and floor
of the building in which the ventilating system is installed.
Whereas the Ventilation of Scheduled Premises Regulation,
Cap. 132CE, applies to ventilating system in Scheduled
Premises (i.e. general restaurant, factory canteen, dancing
hall, cinema, theatre and funeral parlour).
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C‘ ODE S OF PR_.'\C TICE Checldist for Actuating Devices and Operation of Fire Shutter
FOR I  REFERENCE
MINIMUM FIRE SERVICE INSTALLATIONS MR
AND EQUIP:\JE:\'T LPCREl o Mfker's MEME ...
o TIEE
AND Single Steel Rolling Shorrer [1
Double Steel Folling Shutter [ 1]
INSPECTION, TESTING AND MAINTENANCE OF m‘f’iﬁ:’“m Lifting Fandle { }
INSTALLATIONS AND EQUIPMENT T Mabam Guane £l
M DVSTALLATION Yes Mo Remarks

31 Where sutomanic self-closing devices are fimed,
do they cause no immerference to the manual
April 2012 opening and closing of the shuter? | 0 T T [

32 Where smoke detectors are provided for the

acmation of the shurter, are they Srted 1o both
sides of the wall opening? A T [

3 Are smoke detectors installed as far as practicable
1o the provisions of the BS 5830-1.2002+4220087 [ 1 [ 1 oo

34 s permanent nameplate with adequate informarion
provided? [ A

5 Are mammal conrrols provided 1o both sides of the
wall opening? [ 1 0 1 s

IV. SHUTTER OPERATION

41 Does the muromanc actuation device fimction
satisfacronly” | [ R [,

42 Is secondary source of elecmicity supply
providad? I 1 0 ] e

43 Is the descending speed* of the shuster
sccepable? I 1 0 ] e
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Water Temperamre('C)

A#E (WME) (C)

100 —"_b Sceam Humidifier

AWEmE

There were 150 reported cases of LD between 1994 and 2011. All were
sporadic cases with no evidence of clustering. Table 1 shows a summary

of the cases.
Table 1: Summary of Notified Cases of Legionnaires’ Disease 1994 - 2011
E Year MNe. of Cases Year No. of Cases
g 1994 3 2003 3
¥ 1995 1 2004 3
ke E 1996 2 2005 T
1997 2 2006 16
1998 1 2007 1
1999 1 2008 13
2000 2 2009 37
ﬁ:fm' 2001 3 2010 20
sarage E § 2002 4 201 17
R
R
= B Prevention of Legionnaires' Disease
! | AMBERARE
MARK
Bk o TEE
Tepid water system - =
I — i 15
Heated/ -
E
woh Hydobespy & §§
Cooling Tower poal =
kL caﬂe ‘”:Pmc”ce ZR12 Edition
Cold warer storage .
2012 — /
J T _ 1Y fETRY
[] Air handling unit - “E 2 il
R ETOREK &9\ (o
Cooling Coil condensate g ] § E :
WRRHK = |EE
Chilled water in air-conditioning system L IS
Porvastion o Laguorvaires” Didedss Comemition. Mosg Kerg
e Aekis Il:.::l:::lllll
Increasing risk of Proliferation — sAnmnERAR -
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o'y |

2.2

23

24

LD typically manifests as severe pneumonia, with patients presenting
symptoms of malaise, muscle pains, cough, breathlessness, headache
and fever, often culminating in respiratory failure. The disease has an
incubation period of 2 to 10 days.

The bacteria that cause LD are small coccobacilli measuring up to 0.5pm
by 1-3um, with occasional longer forms of 10-15um or more, within the
genus Legionellae. Over 42 species of Legionellae have been identified
and the Legionella pneumophila serogroup 1 is most commonly
responsible for LD outbreaks.

Legionellae survive and multiply in natural fresh water, including lakes,
rivers, streams, ponds, mud and soil, as well as man-made water
systems. The optimum temperature for proliferation of the bacteria is
around 20°C to 45°C, and particularly in the range of 35°C to 43°C. The
proliferation ceases above 46°C and below 20°C, while the survival time
decreases to a few minutes at above 60°C. At 70°C the organism is Killed
virtually instantaneously.

The organism appears to be insensitive to pH but requires as nutrition the
presence of simple organic life (such as algae and microorganism in
sludge, scale, biofilm, etc.), inorganic substances (such as nitrogen based
substances, small concentration of iron, zinc, etc. in fresh water piping
systems), and organic substances (such as certain types of rubber) for
survival. Nevertheless the bacteria can hardly survive in salt water and
domestic water supplies which are well chlorinated.
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Noise Control Ordinance

General

The purpose of the Noise Control Ordinance Cap.400 (NCO) is to provide statutory controls
to restrict and reduce the nuisance caused by environmental noise.

Details of the ordinance and related regulations can be found in the "Bilingual Laws
Information System" website of the Department of Justice at

www, legislation,gov.hk,

The NCO deals with the following forms of noise:

(a) noise from domestic premises and public places (often referred to as general

neighbourhood noise);
(b) noise from constryction activities (including piling);
(c)

(for example, noise from industrial or commercial premises);

(d) noise from intruder alarm systems (installed in any premises or vehicles);

(e) noise from individual items of plant or equipment (referred to in the Ordinance as
Product Noise, for example, noise from hand-held breaker and air compressor); and

(f) noise emission from motor vehicles (requiring noise emission from motor vehicles to
comply with stringent international standards on first registration in Hong Kong).
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Noise from Places other than Domestic Premises, Public Places or Construction Sites

This kind of noise is also called industrial/commercial noise, Examples are noise from
factories, ventilating systems of restaurants, noise from car repairing in garages and so on.

These photographs show some examples of industrial/commercial noise :

58




Comparing dB(A), dB(B) and dB(C)

The decibel filters A, B and C are compared below:

Relative Frequency (Hz)

Re?g;rse 315 63 125 250 500 1000 2000 4000 8000
dB(A) -394 -262 -161 -86 -32 0 12 1 11
dB(B) 17 -9 -4 -1 0 0 0 -1 3
dB(C) -3 08 02 0 0 0 02 08 -3

dB ABC Criteria

5

0 ] et L

a2 5 pareet o B

= .

2 -10
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@ 20 B8
2 -25 — B C
£ .30
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-45
10 100 1000 10000
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qvency izl EngineeringToolBox.com
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Equivalent Continuous Sound Pressure Level, Leg

This is a widely used noise descriptor that is commonly adopted in many developed
countries. It is the constant noise level which, under a given situation and time period,
contains the same acoustic energy as the actual time-varying noise level. As Legg
measures the energy content of a noise over a period of time, noise with different
characteristics, such as fluctuating (e.g. from traffic) or impulsive noise (e.g. from
hammering) as described in the next section, can give the same Leg Level.

When noise or sound is measured in dB(A), it is customary to denote the equivalent
continuous sound pressure level as Laeq.

Let us explain Leq Or Laeq by using an illustration. Please click on the demo button to see
the details.

Y 1

dB(A)

50

40 >

Sound Pressure Leve

Time
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TAQ Parameters

14. Atotal of 12 IAQ parameters as listed in Table 1 shall be measured. These include 3
physical parameters (room temperature, relative humidity, and air movement), 8 chemical
parameters (carbon dioxide (COs), carbon monoxide (CO), respirable suspended particulates
(PM,;), nitrogen dioxide (NO.), ozone (0), formaldehyde (HCHO), total volatile organic
compounds (TVOC), and radon (Rn)), and 1 biclogical parameter (airborne bactena). We will
p also include an additional parameter, airbomne fungi with an indicative level of 500 cfu/m?, for both
— /I~ “Good™ and “Excellent” Classes in the next review for the Certification Scheme.

. Y : : Sampling Criteria
15. Measurement should not be made in any part of the premises/building where it is

totally enclosed but not served by MVAC system, such as store rooms, plant rooms, switch rooms,
or kitchens (in the case of restaurants), etc.

Sampling Period

=] - 16. Measurement should be made on an 8-hour basis except othermise specified.

' A Where it is not practicable to take 8-hour continuous measurement, surrogate measurement (i.e.
A an intermittent measurement strategy based on the average of half-hour measurements
conducted at four time-slots) is accepted. Competent examiners should take into account the
operation pattern of the premises/building when choosing the four time-slots.  As a guideline, the
four time-slots should be evenly distnbuted over the business hours for office buildings whereas
for public places they should cover the worst-case scenario such as penods of highest
occupancy.
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TABLE 1: |1AQ OBJECTIVES FOR OFFICES & PUBLIC PLACES

a
Parameter Unit RO Avera0a
Excellent Class Good Class
Room Temperature C 20t0<255° <255°
Relative Humidity % 40t0<70° <70
Air movement m/s <02 <03
Carbon Dioxide (CO:) ppmv <800° <1,000¢
3 1 1 9
Pxbon Monodda {0 ug/m <2,000 <10,000
ppmv <17 <87
Respirable Suspended Particulates (PMyy) | pg/m? <20' < 180"
. Ny ug/m?® <409 <150"
Nitr Dioxide (N
s L ppbv <21 <80
e <50' <120°%
Ozone (O;) hg/m
ppbv <25 <61
3 <30 f <100 .9
Formaldehyde (HCHO) hg/m
ppbv <24 <81
_ _ g’ <200° <600
Total Volatile Organic Compounds (TVOC)
ppby <87 <261
Radon (Rn) Bg/m® <150 <200'
Airborne Bacteria cfum’ <500+* <1,000+*
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Indoor Air Quality Certificate
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ARCHITECTURAIL SERVICES DEPARTMENT
BUILDING SERVICES BRANCH

GE.\'ERAL SPI-I ]I]C ATIONFOR -lIR ( O\DmO\T\G REI-'RIGER-\"IIOI\,

Dn ST -\I_L.-\TIO\ I.\ GO\IR.\WEL\T BI'ILDI.[\ GS OF 'IHE HONG KO\G

SPECIAL ADMINISTRATIVE REGION
2007 EDITION

Corrigendum No. GSAC01

- American Society of Testing and Materials

- Committee for E Normalisation

- The Institute of Electrical and Electronic Engineers
- International Organisation for Standardisation

- Japanese International Standard

- National Fire Protection Association:

(December-2010) (k) The Supply Rules and other requirements issued by the
relevant local electricity supplier and water authority;
A2l STATUTORY OBLIGATIONS AND OTHER REQUIREMENTS (1)  Technical Memorandum to issue Air Pollution Abatement
Notice to control Air Pollution from Stationary Processes:
A212  Other Requirements
(m) Technical Memorandum for the Assessment of Noise from
()  Design Manual: Barrier Free Access 2008 published by the Places other than Domestic Premises. Public Places or
Buildings Department, the Govemment of the HKSAR Construction Sites;
(1)  Codes of Practice on Prevention of Legionnaires’ Disease @ 'Cf?& °rmﬁgf°°f‘meﬁmm‘ Transportation and Disposal
published by the Prevention of Legionnaires’ Disease, Hong o e
Kong (2007 Editicn); (0)  Code of Practice on the Packaging. Labelling and Storage of
() Codes of Practice issued by the following intemational Chenicd Waes
tostifutions:- (p)  Techaical Memorandum - Standards for Effluents Discharged
. . . into Drainage and Sewerage Systems, Inland and Coastal
- American National Standard Institute Waters: and
- Air-conditioning and Refrigeration Institute
2 American Society of Mechanical Engineers (@Q) Technical Memorandum on Environmental Impact

Assessment Process.
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Energy Labelling

of Products

iectrical snd Wiechanial Services Department

Classification of Room Air Conditioners

All room air conditioners regulated under the Ordinance are classified in accordance

with Table 7.1—
Table 7.1 — Overall classifications
Type Function Category Description
Cooin A sagk pucage e som 3
Onty Category 1 |conditioner with cooling function
Single only
Package Reverse A single package type room air
e Category 2 |conditioner with both cooling and
O heating functions
Cooling A split type room air conditioner with
Only Category 3 cooling function only
Split
Reverse A split type room air conditioner with
C 4
Cycle AEBOY % | both cooling and heating functions

Room Air Conditioner

Average Appliance Energy Consumption

Category (kW)
Category 1 & 2 E,.=0442xd,
Category 3 & 4 Ex=0387x%,

Where &. is the measured cooling capacity defined in clause 7.5.3 of the Code.
E is the average appliance energy consumption expressed in kKW.
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The energy consumption index (/) of a room air conditioner

is defined as the ratio of the actual effective power input (Pg)

of the room air conditioner to the Average Appliance Energy
Consumption (E,,)

Energy Consumption Index (I.) =

Pg

Eav

100%

Table 7.4 — Derivation of energy efficiency grades

Energy Consumption Index I, (%)

Energy Efficiency Grade **

L <85 1
85 <1.<95 2
95 <1, <105 3
105 <1, <120 4

120 <1, 5
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Gu | de| | nes on Figure 1: Flow Chart on Conducting Energy Audit

Energy Audit

Electrical & Mechanical Services Department

The Government of the
Hong Kong Spedal Administrative Region

2007
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At this stage of the audit, the auditor should be able to tell the
characteristics of the energy consuming equipment/systems such
as:-

a) Type of chillers, their capacities and operational character-
istics (refrigeration pressure/temperature, water flow rate/
temperature/pressure, etc.);

b) Type of HVAC systems, their components (fans, pumps,
pipework, ductwork, etc.) and operating characteristics (flow
rate, temperature, pressure, etc.);

©) Occupancies or usage for various equipment/systems;

d) Control mechanisms for various equipment/systems
(controller, actuator, sensor, control logic, etc.);

e) Type of luminaires, their characteristics and control
mechanisms;

f) Power distribution system characteristics;

g) Operational characteristics of lift and escalator installation
(zoning, type of motor drive, control mechanism, etc.);

h) Operational characteristics of other energy consuming
equipment/systems; and

i) Characteristics of the building.

a) Chiller efficiency (Coefficient of Performance)
b) Motor efficiency (%)
) Fan system power (kW per Us of supply air quantity)
d) Fan efficiency (%)
e) Piping system frictional loss (Pa/m)
f) Pump efficiency (%)
g) Lighting power density (W/m?)
h) Lamp luminous efficacy (Lm/AV)
i) Lamp control gear loss (W)

j) Efficiencies of various equipment e.g. boiler, heat pump,
etc (%)

Other
(e.q. Lifts)

11%

Office

Equipment

22%

Different proportion of energy consumption of a building
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Code of Practice for
Energy Efficiency of
Building Services

Installation

2012 EMSD

For the purposes of:

« Encouraging proper sizing of
equipment pinpointing design
conditions.

* Reducing air side distribution
losses, ductwork leakage and
fan power.

» Reducing water distribution
losses and pipe friction loss.

» Reducing allowable coefficients
of performance.

» Reducing conductionlosses in
pipework, ductwork and AHUs.

« Reducingthe use of energy
through efficient controls and
monitoring of power
consumption.
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I Table 6.4 : Air-conditioning System Load Design Conditions

ICondition Season Applications Temperature / Relative Humidity
Indoor, Summer  |Office and Minimum dry bulb temperature 23°C
Iigrmr}téga” Classroom Minimum relative humidity 50%
applications Other applications|{Minimum dry bulb temperature 22°C
Minimum relative humidity 50%
Winter Hotel Maximum dry bulb temperature 24°C
Maximum relative humidity 50%
Other applications|Maximum dry bulb temperature 22°C
Maximum relative humidity 50%

[Outdoor  [Summer  |All applications  |Maximum dry bulb temperature of 35°C with
wet bulb temperature lower than 29°C,

or
Maximum wet bulb temperature of 29°C
with dry bulb temperature lower than 35°C

Winter All applications  [Minimum dry bulb temperature 7c
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A process zone refers to a zone meeting a process requirement or serving as a
computer/data centre with special temperature and/or humidity requirements, and
its serving air distribution system should be dedicated to serve the process zone only
and be separate from other system serving comfort only zone.

Table 6.6 : Air Leakage Limit of Ductwork

Leakage Operating Static Air Leakage Limit
Class Pressure (Pa) (s per m? of duct surface)

above 750 to 1000 0.009 x p”°°
above 1000 to 2000 0.003 x p*°

above 2000 0.001 x g%
Remark: pis the operating static pressure in Pascal

72




6.7.1 The system fan motor power required for a constant air volume air distribution
system for a conditioned space should not exceed a limit of 1.6 W per litre per
second (L/s) of supply system air flow.

6.7.2 The system fan motor power required for a variable air volume air distribution
system for a conditioned space should not exceed a limit of 2.1 W per L/s of supply
system air flow.

Water piping with diameter larger than 50 mm should be sized for frictional loss
not exceeding 400 Pa/m and water flow velocity not exceeding 3 m/s. Water
piping with diameter 50 mm or below should be sized for flow velocity not
exceeding 1.2 m/s.

Temperature controls, humidity controls, zone control, off-
hours control.

73

Table 6.11a : Minimum Insulation Thickness for Chilled Water Pipework @
T it 02 Unconditi'gged Space |Conditioned]
Space
T{::S;rf_ilcc)o%ds”m"w “1 0024 | 004 | 0024 | 004 [0.0240.04
?@j;ggg@ff'“”‘ hl 9 |135| 9 |135|57] 10|57 10 | anyvalue
Bipe o;loter dametes Insulation thickness (mm) a
21.3 mm 201 15| 30 22 129 | 19 | 43 | 28 13 13
269 mm 21 15132 23 | 1 20 | 46 | 29 13 13
33.7 mm 22 |16 | 34 | 24 | 32 | 21 48 [ 31 13 13
42 4 mm 23 17 | 35 25 34 | 21 50 32 13 25
48 3 mm 24 17 | 36 26 35 | 22 52 33 13 25
60.3 mm 25 18 | 38 27 36 | 23 54 35 13 25
76.1 mm 26 | 18 | 40 28 | 38 | 24 57 | 36 14 25
88.9 mm 26 | 19 | 41 29 | 39 | 24 59 | 37 14 25
114.3 mm 27 | 19 | 42 30 | M1 25| 62 | 39 14 25
139.7 mm 28 | 20 | 44 | AN 42 | 26 | 64 | 40 14 25
168.3 mm 29| 20 | 45 32 | 43 | 26 | 66 | 41 14 25
2191 mm 29 | 20 | 47 32 | 44 | 27 69 | 42 1h 25
273 mm 30 | 21 | 48 | 33 | 45 | 27 1 43 15 25
323.9 mm 30 | 21| 49 34 | 46 | 28 73 | 44 1h 25
355.6 mm 31 21 | 49 34 | 47 | 28 74 | 45 15 25
406.4 mm 31 21 50 34 | 47 | 28 75 | 45 15 25
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Table 6.12b : Minimum Coefficient of Performance for Chiller®” at Full Load
Air-cooled
Type of
ype Reciprocating Seroll Screw Centrifugal
lcompressor
Capacity | Below | 400 kW o L N
Range (kW) | 400 kw | & above All Ratings All Ratings All Ratings
Minimum
COPat | 56 28 27 29 28
cooling (free
air flow®")
Water-cooled
Type of
ype Reciprocating Seroll Serew Centrifugal
lcompressor
Capaci Below Sg 0 Above |Below 53) 0 Above | Below 5330 Above |Below 5?: Above
Ran;:(k?’u’} 500 1000 1000 | 500 1000 1000 | 500 1000 1000 | 500 1000 1000
kW KW kW | kw W kW | kw oW kW | kw KW kW
Minimum
cop 41146 52 41 146 )] 5.2 46 | 47| 55 5.1 56| 5.7
(Cooling)
Standard rating conditions
Type of
ype_ Air-cooled Water-cooled
Icodlng
Condenser | Chilled water | Condenser water temperature || Chilled water
Operation ambient temperature Fresh water Sea water temperature
condition | EMPErAtUrE | In | Qut In Qut In Qut In Out
35°C 12.5°C| 7°C | 32°C | 37°C | 28% | 33°C [12.5%| 7%
Water zide Evaporator 0.000018m2-2C/w
touling Fresh water 0.000044m3-°C/W
factor Condenser -
Sea water 0.000088m*-°C/w
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